Abstract: Vegetation with Cardaminopsis petraea was sampled by phytosociological relevés at almost all the known Czech sites, and characterized by indicator values, influence of potential direct solar irradiation, and bedrock type with the aid of multivariate methods. It has been declared that C. petraea prefers open natural or seminatural drier to mesophilous habitats without some preference to the bedrock. It occupies habitats with various slopes, but it prefers more extreme slants and northerly exposed slopes. The classification and ordination methods showed clear distinction between Moravian and Bohemian habitats. Apart from other types, in Bohemia this species occurs uniquely in acidophilous rock communities, whereas in Moravia it grows uniquely within calcareous grasslands. Relictness of the species was discussed in relation to the specific site conditions (light supply, disturbance regime, and geographical isolation) and to the occurrence of other rare taxa and habitats. Occurrence on some man-made habitats was also observed.
Introduction
Currently, rare and endemic plants are in focus of scientific studies dealing with their conservation [Schemske et al. (1994) and another 291 papers citing this article on the Web of Science]. The studies have reported diminishing of species' population densities due to losses of their habitats for various reasons. Data important for a successful conservation of such species is collected at both ecosystem and population levels, with the stress on a demographic analysis (Menges, 1992; Silvertown & Charlesworth, 2001) . Knowledge on habitat structure and composition of endangered species is a prerequisite for subsequent study of its population biology (Menges & Gordon, 1996) , but can be used directly for purposes of nature conservation, indicating some regulation management of the occupied biotopes (Wörz, 1988) .
Although it is questionable to measure a rarity because of its scale-dependency, the rare species tend to be less abundant locally occupying only a part of suitable habitats (Gaston, 1994) . Rarity of a species can be absolute, due to its extremely specialized requirements of environmental factors (narrow ecological niche) or relative, when a taxon is considered on peripheral zone of its distribution area. The former case is true for endemics, the latter one for relicts. Rare species tend to have narrow ranges, restricted habitats and small populations while the relict species can have large distribution area. A relict status of species in a region comes typically from a permanent shift of macroecology that had modified biotic interactions (e.g. competitive relations) in changing ecosystems.
Cardaminopsis petraea is supposed to be a relict species in the Czech Republic (Měsíček et al., 1992) . The Central European part of its distribution area divides into many disjunctive localities where the species could locally be scattered (Oberdorfer, 1994) . In Central Europe, C. petraea was reported from Austria, the Czech Republic, and Hungary (Hegi, 1986) , in N and NW Europe from Faeroes, Great Britain, Ireland, Iceland, Norway, and Sweden (Hultén, 1971; Löwe, 1983) , and from N and W Russia (Jones, 1964) . Jalas & Suominen (1994) mapped its occurrences along rivers in the lowlands west of Ural and in Kola Peninsula, whereas Niklfeld (1972) mentioned it from arctic Russia with connection to boreal Siberia. Stewart et al. (1994) reported its distribution to Alaska in the North America but reliability of these records remains doubtful as well as in some southern European countries (Jalas & Suominen, 1994) and in Poland (Jasiewicz, 1985) .
Cardaminopsis petraea is a typical saxicolous plant; it occupies mostly rocks, screes and gravely ground reaching from the sea level in epilittoral zone to the mountains (Jones, 1964; Ericson & Mascher, 1977) . It was also reported from moist sand and mossy heaths (Gröntved, 1942) . From biogeographi-T. Černý et al. cal point of view it was classified as a de-alpine element (Dostál, 1958) , nordic-eastpraealpid species (Oberdorfer, 1994) or as Eurasian Arctic-montane element (Preston et al., 2002) . Its distribution range is diagnosed as temperate-demontane and (boreal) oceanic to suboceanic disjunctive European type (Meusel et al., 1965) .
In the Czech Republic, C. petraea occurs in river and brook valleys in central and W Bohemia and SW Moravia. Occurrences on isolated volcanic hills are known from NW Bohemia (Měsíček et al., 1992; Koblížek et al., 1998; Brabec & Honsa, 2004; Kolbek et al., 2005) .
Although Czech massive represents an important link between boreal and atlantic distribution area of C. petraea, there has not been detailed study available dealing with its habitat requirements till today. Despite the fact of its endangered status here, no discussion on its relict character in connection with nature conservation and management has been treated so far. With respect to these facts, we have assessed environmental conditions of its Czech habitats based on relevés sampling.
Material and methods
In 2001-2003, we visited almost all the localities with C. petraea in the Czech Republic (in four of them the species was not found). We have followed the published localisations by MĚSÍČEK et al. (1992) and Domin's species card file deposited in the Institute of Botany in Průhonice. Altogether, we have recorded 68 relevés in the field using BraunBlanquet's method; for most of the relevés, species abundances were recorded according to 9-degree scale (WEST- HOFF & MAAREL, 1973) . Other 17 relevés from the Czech National Phytosociological Database were joined. For analyses in the program JUICE (TICHÝ, 2002) , 85 relevés were used. Fourteen species determined at the genus level and occurring only once in the relevés were excluded. As Betula pubescens agg. we marked the population of birches on the Boreč hill, for which SÝKORA (1983) used the name B. "petraea". Aggregate species Dianthus carthusianorum agg. includes also D. pontederae, Galium pumilum agg. includes G. pumilum and G. valdepilosum and Leucanthemum vulgare agg. includes probably also L. margaritae. The species occurring in both herb and shrub layers were unified for analyses into the shrub layer. Nomenclature of plant species names follows KUBÁT et al. (2002) and those of cryptogams KUČERA & VÁŇA (2003) and VĚZDA & LIŠKA (1999) . The names of syntaxa documented from the Czech Republic are joined mostly with CHYTRÝ et al. (2001) . Data on species occurrences are stored in TURBOVEG database (HENNEKENS & SCHAMINÉE, 2001) .
For all relevés the information on environmental conditions was used to highlight driving factors determining occurrence of the species. They are as follows: altitude, potential direct solar irradiation (PDSI), slope (given in degrees), and geology bedrock. The PDSI was calculated via the program pot rad (download http://www.botany.natur.cuni. cz, method discussed in HERBEN, 1987) . Additional information (passive variables) on the character of species was computed for all relevés [i.e. species number, ShannonWiener diversity index, indicator values (ELLENBERG et al., 2001) , tree, shrub, herb and moss layer cover]. For better interpretation of habitats, ten categories of vegetation types were formed according to KOLBEK et al. (2005) ; see Tab. 1.
The correlation of species and environmental variables was tested using partial Canonical Correspondence Analysis (pCCA, square-root transformation of species abundances prior to analysis, downweighting of rare species) with forward selection and Monte Carlo permutation test in the program CANOCO (TER BRAAK & ŠMILAUER, 2002) . Passive variables for each sample (without any influence on analysis) were used to assess better variability of the data. To filter spatial autocorrelation of data, six main localities (Central Bohemia, W Bohemia -Stříbro, W Bohemia -Černý vrch, NW Bohemia -Boreč, N Bohemia -Bezděz, SW Moravia) were distinguished and used as co-variables in pCCA. For approximate measure of α-diversity, we have used number of species per a relevé in the pCCA analysis with the vegetation type and bedrock as constraining nominal variables. Considering that sample areas are uneven, they were used as a co-variable in this analysis.
Results

Recognized vegetation types with Cardaminopsis petraea in the Czech Republic
Despite the fact that the species belongs to rare taxa of the territory, its large ecological amplitude is mirrored by many units of vegetation system (Tab. 1, for more information see Kolbek et al., 2005) . In general, the species is linked with predominantly natural or seminatural heliophilous communities of drier to mesophilous habitats. On acidic rocks, C. petraea occurs mostly in communities of the Asplenion septentrionalis and Alysso-Festucion pallentis alliances (Kolbek & Petříček, 1979; Ondráček et al., 2004) , rare occurrence is known from the moss-rich Hypno-Polypodion vulgaris Mucina 1993 alliance. The species is relatively common in acidophilous communities of the Hyperico perforati-Scleranthion perennis alliance and in grasslands and heathlands of the Koelerio-Phleion phleoidis and Genistion alliances, whereas occurrences in submontane grasslands of the Violion caninae alliance and acidophilous fringes of the Melampyro-Holcetalia mollis Passarge 1979 order are not typical (known only from Bohemia). C. petraea was found in screes with Saxifraga rosacea subsp. sponhemica (Festuco ovinaeSaxifragetum decipientis Stöcker 1962) only in two localities (Boreč hill in the České středohoří Mts and Oslava river valley in SW Moravia). Occurrence in calcareous grasslands (Diantho moravici-Seslerietum albicantis, Medicagini prostratae-Festucetum pallentis, Chytrý & Vicherek, 1996) , in which many relict species grow, e.g. Saxifraga paniculata, is bound up with calcareous conglomerates in SW Moravia. The species was rarely recorded also in communities of rock terraces (Lilio-Vaccinion Sýkora 1972), moving screes (Stipion calamagrostis), clearings (Carici 
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T. Černý et al. Environmental conditions of habitats in the Czech Republic The distribution pattern of the sampled vegetation is depicted in Fig. 1 . C. petraea is most often found at altitudes up to 400 m a.s.l. Higher localized occurrences are concentrated on isolated volcanic hills in NW Bohemia. Its habitats are predominantly sloped to various extents, but more extreme slants are preferred. Rarely, it occupies vertical rock outcrops. The vegetation is confined to northerly exposed slopes. Other expositions (eastern, southern and western quadrants) have slightly more than a half portion and the southern quadrant, which comprises the driest part of this gradient, is the least frequent. Fig. 1d shows frequency of ten vegetation types, identified in Bohemian and Moravian part of the distribution area of C. petraea in the Czech Republic. In Bohemia this species occupies uniquely acidophilous rock communities, communities 1 000 000 000 000 000 3 0 000 000 000 000 000 000 000 000 000 000 000 000 7 000 000 1 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 15 000 000 1 0 000 000 000 000 000 000 000 000 5 000 000 000 000 on acidic primitive soils, low shrubs and open birch woods, whereas in Moravia it grows uniquely within calcareous grasslands. Grasslands and heathlands, thermophilous open Betula, Quercus and Tilia woods and pine forests with C. petraea belong to common vegetation in both Bohemia and Moravia.
Calibration of vegetation using Ellenberg indicator values gave us another insight into ecological pattern of stands. There are only significant correlations between altitudinal gradient of relevés and counted mean site indicator values (Fig. 2) . These relationships are in accordance with the presumption that with increasing elevation, the moisture is higher contrary to decreasing continentality index and light demands of plants. Thus, increased humidity favours mesophilous plants adapted to a denser canopy. However, high potential humidity is compensated by stronger irradiation (Fig. 2d) .
The species-poorest vegetation is developed on acidophilous rocks and primitive soils, on shaded screes with Saxifraga rosacea subsp. sponhemica, on rock terraces, clearings and also on semi-heliophilous screes with Vincetoxicum hirundinaria (Fig. 3) . They can all be characterised as habitats with high environmental stress (very low nutrient status, medium to strong disturbances). Communities of calcareous rocks and also open pine forests possess high species richness.
The CCA analysis of dependence of the sampled vegetation on determined environmental factors is given in Fig. 4 . Since interrelations could be concealed by the strong influence of rich calcareous grasslands, we have omitted them in the analysis. Vegetation type (defined a priori) and bedrock type explained thus 18.1% of the total variability in data. After passive projection of supplementary variables we can judge on the conditions causing this amount of variability. As expected, the species richness was negatively affected by the mean site moisture status and also by higher altitude. Interestingly, in such influenced vegetation, there is an optimum of C. petraea, expressed as its site abundance value. On the other hand, its vitality may be supported by the growth in sites with potential strong irradiation, which seems feasible (see also the univariate correlation of PDSI index and altitude in Fig. 2 ). Figure 4 shows weak competitive strength of C. petraea, declared by its optimum development in pure stands, without any competitive co-occurring plants. lands on conglomerates, together with the linkage of individual species to potential site irradiation (Fig. 5) . Gradient of light conditions is well followed by a sequence of species like Festuca pallens, Hieracium pilosella, Poa bulbosa, Hieracium murorum, Asplenium trichomanes, Galium album, Anthriscus sylvestris, Dryopteris filix-mas, Sambucus nigra, but several other species, yet considered as heliophilous, are rather indifferent to irradiation index (Seseli osseum, Allium senescens subsp. montanum, Campanula rotundifolia agg., Dianthus moravicus, Potentilla arenaria). Comparing the relationship of potential irradiation and calculated mean site indicator, the value for light showed no correlation (data not shown).
Discussion
Distribution, environmental and phytosociological link of Cardaminopsis petraea correspond with definitions of relict taxa. Areas of relict species represent remains of a large and closed area existing at a certain time that went through the process of area reduction (Schubert, 1966) . Relictness of taxa can be generally expressed from the two following points of view: Firstly, the occurrence in communities that can be named archaic in sense of long-term existence. Such communities are, with regard to succession, either blocked phases or they represent an enviromentaly controlled climax -in our case, especially edaphic climax. In our material (Tab. 1), as such relict occurrence, we can consider the presence in rock communities (Asplenion septentrionalis, Alysso-Festucion pallentis, Hypno-Polypodion vulgaris, Hyperico-Scleranthion perennis, Diantho-Seslerietum, Medicagini-Festucetum, Lilio-Vaccinion, Junipero-Cotoneasteretum) and in some forest communities or communities inclining to them (Cardaminopsio-Pinetum, Thlaspio-Pinetum, Tilio-Acerion, forests with Betula pubescens agg.). Relictness in the communities of the alliance Koelerio-Phleion and Genistion is questionable. These represent primary open vegetation only to a limited extent since majority of existing vegetation originated in many localities as a result of grazing (Kolbek in Kolbek et al., 2001) .
A similar situation comes for acidophilous fringes. Occurrence in the communities of clearings is not typical and certainly temporal with regard to subsequent succession. The same holds true for the phases of cultivated forests.
Secondly, the relictness can be expressed by joint occurrence of other relict species with a similar behaviour in community. As the co-occurring relict species with C. petraea can be named: Potentilla rupestris, Scabiosa columbaria, S. canescens, Antennaria dioica, Betula pubescens agg., Anthericum ramosum, Hieracium schmidtii, Dianthus superbus, Arabis pauciflora. There is no doubt that both principles are overlapping.
Within the currently existing area, C. petraea settles habitats not quite specific with regard to the en-vironment. For comparison, we can mention the taxa Saxifraga rosacea subsp. sponhemica that settles similar habitats. Such habitats can be characterized by the ability to host species with weak competitive potential. At the same time, they have to be light enough, with open vegetation cover, such as screes, rocks, pine and oak forests. Quite slow succession or its complete blocking can be given as a significant mark of such habitats. This can, to a certain extent, stabilize also environmental conditions of locality for a much longer time. Several other relict species sometimes occur here (Pulsatilla patens, Biscutella laevigata, Myosotis stenophylla, Dianthus moravicus, D. gratianopolitanus, Sesleria caerulea, Saxifraga paniculata). When a site quality is determined by stronger stress factors (and so competitive force of plants is diminished), the vegetation composition is more variable (Tab. 1). It seems that the plant composition at the site is not so important for existence of C. petraea contrary to the presence of gaps in vegetation structure.
But could all habitats with C. petraea be marked as the relict ones? In Central Europe, it was described in many habitats that are considered to be the typical relict stands, with continuous Holocene open vegetation (dolomite sandy xeric grasslands HelichrysoFestucetum, see Hemp, 1996 , Bromo-Seslerietum, see Gauckler, 1938 . Nevertheless, the species was reported also from man-made secondary habitats (clearing, road verges, stonewalls, railway -see Ade, 1901) although it was described as oligohemerob or ahemerob species (only weak or no relation to human-induced vegetation, Frank et al., 1990) . Hemp (1996) marked it therefore as a progressive glacial element. The hypothesis of recent expansion proves fact that on 15 years old track its density reaches 200 individuals per m 2 in contrary to the stable and weak populations (normally 10-20 individuals per 4-9 m 2 ) at natural sites (Hemp, 1996) .
One may argue, the requirements of C. petraea as a typical relict species for a light should be high. This is only in partial accordance of results of other authors. In Bavaria (Hemp, 1996 , based on 189 localities), it grows on both open grasslands (40.3%) and in pine forests (54%, Buphthalmo-Pinetum Hemp 1995). It avoids broad-leaved shaded forests there (it grows only under shade of Seslerio-Fagetum on N exposed rocks). Nevertheless, the communities with C. petraea (Cardaminopsietum petraeae Thorn 1958) strictly avoid dark sites. Although its light span is very large (51.5-100% relative light input, see Hemp, 1996) , it seems that optimum stands for C. petraea are moderately shaded. Therefore, Hemp (1996) suggested a change of light indicator value from 9 listed in Ellenberg et al. (2001) to 8. Thorn (1958) reported localities on N-exposed rocks but Hemp (1996) more S-exposed contrary to our results.
Very interesting are the different ecological conditions of Bohemian and Moravian localities resulting in distinct vegetation types (Tab. 1, Fig. 4) . High species richness of some vegetation types was probably caused by their long-term development within the migration corridor of the river valley, under the influence of rich Pannonian floristic region, and also by calciumrich bedrock. Moderate disturbance regime plays also a role. Such differences are quite surprising on so small area but this confirms a wider habitat tolerance of C. petraea and supports hypothesis of a progressive glacial element (Hemp, 1996) .
High potential irradiation index per se does not ensure dominance of light demanding plants. Apparently, factors other than extreme light conditions (soft conglomerate as a material with adverse conditions for rooting of woody saplings) make the habitats open.
From the high fragmentation of distributions area of C. petraea in the Czech Republic we deduce an absence of diaspore migration between remote localities recently. However, there is certain concentration of small localities in the central Bohemia (slopes along Loděnice rivulet), where C. petraea establishes rich populations (hundreds of individuals). Local metapopulation dynamics probably works here, that enhances population sizes. This hypothesis requires further study.
